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Ezen icnyck alapj.ln azt vcljük, hogy a iTidabanyai fauna kora kcsö vallcsian, bar az ottani

faunaegyüttes bizonyos fokig endemikus jellegü. A jövöbeli munkät a Hipparion -együttes

rendszertani poziciöjänak toväbbi tisztäzasära valamint az itt kifejtett biokronolögiai es allatföldrajzi

elmeletek tesztelesere fogjuk koncenträlni.

1. Introduction

Wereport on a small assemblagc of hipparions fVomRudabanya, Hungary. Rudabanya was first

discovered in 1 967, and sporadically collected until 1 985, whcn fossil hominoid primates were first

discovered. Since then, further excavation has becn undertaken at this locality with retrieval of a

diverse mammalian fauna and flora (Kreta )i, 1969, 1974, 1975, 1976 a, 1976 b, 1984; KRETZOietal,

1976; Kordos, 1982, 1987 a, 1987 b, 1988 a, 1988 b, 1989, 1990 a, 1990 b, 1990 c). Rudabanya is

unquestionably one of thc most important Hungarian Neogcne localities from the Standpoints of

its faunal and floral divcrsity, stratigraphic position, and potential for diverse paleobiological

studies. The Rudabanya „ Hipparion " is significant because of the reference point it can provide for

the fauna's biochronology and biogeographic conneclions. The sample we report was made by

Kretzoi prior to 1987. Because thc Rudabanya Hipparion collection continues to increase in size

annually, wewill have the future opportunity to make systematic revisions anci test chronologic and

biogeographic hypotheses foi-warded here. This work should be taken as being preliminary.

2. Methods

Weuse a combination of discrete character states and mcasurements on continuous variables to

identify hippanonine species and determine their potential phylogenetic relationships. Definition

and use of discrete characters which we have adopted for thc skull and mandible has developed, and

has been progressively rcfined by Woodburne & Bernor (1980), Bernor & Hussain (1985),

Bernor (1985), Bernor et al. (1988), Bernor et al. (1989), Bernor & Lipscomb (1991; in press).

Investigations of postcranial anatomy and functional morphology has been developed fromToBiEN

(1952), Sondaar (1968) and Hussain (1975). Mcasurements follow those prescribed by thc

American Museumof Natural History International Hippario?! Conference, 1981. All mcasurements

are in millimetcrs, and specific mcasurements follow those prescribed by Eisenmann et al. (1988).

Abbreviations:

POF- Preorbital Fossa

Ru - Rudabanya

Ma - Mcgannum, inillions of years ago

mm- millimetcrs

MCIII - metacarpal III

MTIII - metatarsal III

hipparionmc or hipparion - any horse with an isolaicd protocone of the maxillary premolar and

molar teeth and, as far as known, tridactyl fcet, including species of thc following genera: Hipparion,

Neohipparion, Narimppus, Cormohipparion, HippotheriHm, Prohoscidippariuri, „Sivalhippus",

„Plesiohipparion", EurygnalhohippHS (= Slylohipparion), Crcmohipparion, and Psciidhipparion.

Characterizations of thcse taxa can be found in MacFadden (1984), Bi rnor & Hussain (1985),

Webb& HuEBERT(1986), Hui,bert(1987), BERNt)R et al. (1989) and Bernor & Lipscomb (1991; in

review).
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„Hipparion" - hipparioninc horses that belong to different lineages than those listcd above, or

which cannot be readily placed within a particular lineage.

Statistics were calculated using the Software package SYSTAT 5.03 licensed to Bernor through

the Smithsonian Institutions, Washington D. C

3. Systematic Paleontology

3.1 Systematic Perspective

Bfrnor et al. (1989) have recently reviewed the phylogenetic relationships of Old World
hipparionines. Wefollow thcir philosophy in seeking to characterize hipparioninc species by study

ofskeletalmorphologiccharactercomplexes,andimplementmorphometricanalysisofcontinuously

distributed variables to further discnminate species. Moreover, we seek to analyse hipparioninc

spccimens from stratigraphically controlled horizons (when at all possible). We belicve that

idcntifying shared-derived morphological states between statistically demonstrable and defensible

species will ultimately yield the most explicit basis for idcntifying phylogenetic lineages.

Order Perissodactyla Owen 1848

Suborder Hippomorpha WoOD1937

Superfamily Equoidea Hay 1902

Family Equidae Gray 1 82

1

Subfamily Equinae Steinmann & Döderlein 1890

Hippothermm äff. primigeniam

Lectotype - Right fragmentary mandible with P2-4 from Eppelsheim, Rheinhessen, Germany.

This specimen, preserved in the Senckenberg Museum, Frankfurt, Germany, is referred by V.

Meyer (1833: plates XXX-XXXI, figs. 17, 18).

Type Locality and Age - Eppelsheim, Germany; Pannonian Age (= Early Vallesian, ca. 1 1 Ma).

Referred Specimens-V12 125, adult fragmentary skull with leftcanine, right canine and P2-M3; mandibular

cheekteeth: Vi2551 -right P2 and unerupted check tooth, V38-left P4, VI 2591 -cheek tooth fragment, no

number - left P4, no number- deciduous cheek tooth fragment; metacarpal 111: V12039, VII 841, VI 1853;

metacarpal IV: VI 26 13; astragalus: VI 2601; calcanea: VI 2601 - left, V126 12 - left, VI 2600 - fragment;

metatarsal 11: V 1 1 852; distal metapodial III fragmentary elements: V 1 2562, V11965,V11972,V11853,V1I812,

VI 1814; anteriorandposteriorphalangesl,digit III: VI 1965, VI 1902, VI 1853, VI 1 814, no number; phalanges

2, digit 111: V12600, V12589, V12077a and b, VI 1975; phalanges 1, digits II or IV: VI 1893, no number.

- Geographie Range - Central Europc (= Central Paratethys Bioprovince of RöGi. and

Steininger, 1983 and Bernor et al., 1988).

3.2 D i a g n o s i s (after Bernor et al., 1989)

Hippothermm primigeninm is a largc hipparioninc horse with moderate length snout; preorbital

bar long (46 - 57 mm), with anterior extent of lacrimal placed more than one-half the distance from

the anterior orbital rim to the posteric~)r rim of the fossa; preorbital fossa subtriangular-shaped and

anteroventrally oriented, deeply pocketed posteriorly, with great medial depth, medial wall lacking

internal pits, peripheral border outline strong with a prominent anterior rim; nasal notch well

anterior to P2; cheek teeth relatively low crowned, in middle stage-of-wear adults, P2-M3 length
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Figure 1 : Skull, Ru V 1 2 1 23; I A - Ictt lateral view; 1 B - lett P2-3, lateral view; 1 C - lett P2-3, oeclusal view;

ID - left P4 - M3, lateral view; IE - left P4-M3, oeclusal view.

dimension usually between 155 mmand 165 mm, fossette ornamentation complex, pii caballins

bifid or complex, hypoglyphs deeply incised, protocones usually lingually flattened and labiallv

rounded and P2 anterostyle elongate; middle wear adult mandibular check teeth usually with well

dcvcloped protostylids and complexly plicatcd enamel margins; metapodials are generally short

and rather robust, metacarpals havc flattened distal sagittal keels, and thc facet for the hamate/

matrnum articulation has a rather low an^le (120 to 130 degrecs).

3.3 D e s c r 1 p t 1 o n

Thc skull (Figs. 1 A-E) is mediolatcrally crushed and includcs thc snout as far antcriorlv as the

incisor rcgion, which is missing, the prcmaxilla and maxilla posteriorly, nasal notch, right and lett

canine, and all the left side check teeth. Orbits, preorbital fossa and cranium are missmg, or sc\ercl v

distorted by crushing.

Whilc difficult to reconstruct, the nasal notch givcs the appearance of bemg well anterior to P2

(see Flg. I A). The canines are large, as is typical for a male indi vidual. The maxillarv check teeth (Figs.

Iß-IE; measuremcnts. Table 1) are in a rclatively early stage-of-wear, with details ot the oeclusal

198



D

= E

morphology well dcvelopcd on all teeth exccpt M3, which is in a somewhat early stage-of-wear.

Maximum crown hcight is measurable on M3, and cquals 45.4 mm(note however because of the

streng cui'vature of M3, thc maxmnumcrown height of an equivalcnt wear-stage, straight-walled

P4 or Ml would have becn greatcr, ca. 50+ mm). All check teeth exhibit complexly plicatcd, thick

enamel bands of the pre- and postfossettes; complex pli caballins (often clearly having more than

2 plis); hypoglyphs are very deeply incised, nearly encircling the hypocone; protocone shows some

variability due to different stages of wear amongst the teeth: P2 has an elongate oval shape (= North

American Cormohipparion morphology of Bernor et al., 1988), P4 has lingually flattcned and

labially rounded morphology, while the molars have a more buccolingually compresscd morphology.

The variability of maxillary check tooth morphology seen here is typical for earlier stages of wear;

a middle stage-of-wear yiclds more uniform morpholc^gies. P2 has an elongate and narrow

anterostyle.

There are a number of mandibular cheek teeth present (see Table 2). Maximum height of these

is recorded in an unerupted, but fully formed P4: 52.0 mm. This tooth best approximates the

maximumcrown height for this horse. Occlusal morphology isdevelopedonlyon Ru VI 2551 and

Ru V38. These teeth exhibit rounded metaconids and metastylids, shallow linguaflexids, ectoflexids

shallow and not separating metaconid and metastylid, entoflexids with very complex borders, pli

caballinids present and protostylids present, but not columnar in morphology.

This assemblage's postcranial skeleton includes three metacarpal III's (Table 3; +Figs. 2A and B),

one metacarpal IV (Table 4B), one astragalus (Table 5; Figs. 3A and B), two calcanea fragments
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Figure 2: Metacarpal III, Ru V12039, Metatarsal III, Ru V 12538; 2A-MC III, Ant. view; 2B-MC III, Post,

vicw; 2C - MTIII, Ant. vicw; 2D - MTIII, Post. vicw.

(Table 6), onc metatarsal 111 (Table 7; Figs. 2C and D), one metatarsal IV (Table 8), six unidentifiable

distal metapodial III elcments (Table 9), f ive posterior I st phalanges digit 111 (Table 1 0), five anterior

and posterior 2nd phalanges digit 111 (Table 1 1) and anterior or posterior Ist phalanges of digits II

or IV (Table 12).

While this sample of posteranial remams is small, it compositely shows somc intercsting

morphologieal attributes. Figure 4A projeets a 95%eonfidence ellipse forthe Höwenegg population

o{ Hippotherium primigenimn MClll's distal artieular widlh (M 11 ) versus maximum length (M 1

)

compared to other Vallesian members ot the Hippothcrium primigenmm evolutionarv lincagc

(sensu Bi-.RNOR & Lipsc;omb, in review). The dimensions For Ku V 12589 are indic.ucd b\ a svmbol
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Figure 3: Astragalus, Ru VI 2601; 3A - dorsal view; 3B - ventral view.

positioned just outside the upper left-hand portion of the ellipse, revealing its (as well as one

individual from EsmeAk§aköy, Turkey) relatively long and slender dimensions. Figure 4B projects

a 95%conf idence ellipse for the Höwenegg population MTIII's distal articular width (M 1
1 ) versus

maximum length (M 1) dimensions, again compared to other members of the Hippotherium

primigenium evolutionaiy lineagc. Ru VI 2038, an MTIII, shows even greater lengthenmg, well

outside the Höwenegg 95% confidcnce ellipse, and is only exceeded by a single individual (of two)

from Nombrevilla, Spain (after Sondaar, 1961). Figure 4C plots mediolateral (M 4) versus

dorsoventral (M 5) dimensions for the Höwenegg horse proximal calcancum (calcaneum tuber; Ru
VI 2600). Quite a different pattern is revealed here in that the Rudabanya calcaneum is relatively

small in dimension. Figure 4D plots astragalus maximum length (M 1) versus its maximum
mediolateral dimension (M 4). Here, thesmaller sizeof the Rudabanya astragali (Ru V12601 R-3-

R and Ru V1261) is even more convincingly demonstrated.

3. 4 R e ma r k s

Because of the limited size of this Rudabanya sample, conclusions about the morphology,

systematics, age and biogeography should bc considered to be prcliminary. Morphologically the

skull, maxillary and mandibular dentition are virtually identicle to the Höwenegg hipparion.

Moreover, Bernor & Lipscomb (in review), referring to Rudabanya material not yet published,

note that mandibular cheek tooth metaconids and metastylids show squaring in a significant

percentage of the specimens, as is found with the Höwenegg horse. The metapodials, especially MT
III, are longer and more slender, and the calcaneum and astragali are smaller than the Höwenegg

horse, and most other representatives of the Hippotherium primigenium evolutionary Imeage. The

postcranial morphology suggests a more gracile-limbed horse than sccn in the Höwenegg horse,

and more primitive members of the lineage.

While sharing a number of primitive characters of the skull and dentition, the Rudabanya horse's

variable rounding/squaring of the lower cheek tooth metaconids and metastylids, lengthening of

the metapodials, especially MTIII's, and decrease in size of limited tarsal elements, all suggest an
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evolved condition over the Höwencgg horsc. Bkrnor & LiPSCOMB (in review) have argued that

Höwenegg does not represent the rnost primitive member of the Hippothenum pnmigenium

cvolutionary lineage. Rather, they argue that the phylogcny of this group suggests the following

biochronological ranking of Central European Vallesian Hippotherium primigenimn (from oldest

to youngcst yet analysed by Bkrnor): Pannonian C population of the Vienna Basin - Pannonian

D-E (Vienna Basm) and Eppclsheim (Germany) population - Nombrevilla (Spain) - Höwenegg
(Germany) - Rudabänya.

Whereas Bernor et al. (1988) have argued that the Vienna Basin „Hipparion" Datum
stratigraphically occurs in uppcrmost Pannonian Zone B or lowermost Zone C, and second order

correlations suggest an age of 1 1.5- 11 Ma, Shn (1989) and Bernor et al. (1989) cite that all current

evidence suggests a European „Hipparion" Datum no grcater than 11.5 Ma, whereas the Indian

Subcontinent and Subsaharan records appear to have somewhat later regional first occurrences of

hippanon (ca. 9.5 and 1 Ma., respectively). These ages are currently being tested at Höwenegg, Bou
Hanif la ( Algeria) and EsmeAkcaköy, using the single ciystal laser-fusion Ar/Ar dating methodology

(Swisher, in progress).

Biogeographically, the Rudabänya horse shows its closest alliance with Central and Western

Paratethys bioprovmce populations oi Hippotherium primigeniuyn . It contrasts strikingly with the

peri-Mediterranean populations of hipparions which have been shown to have rapidlv diversified

into new clades in response to increased seasonality (Bernor et al., 1990). The Rudabänya fauna is

well known for its diverse and endemic ape assemblage and overall warm, mesophytic forest

character. Because of the apparent unique morphological pattern demonstrated for the Rudabänya

hipparion, it may have been an endemic form. Future studies of the Rudabänya hipparion will

attempt to clarifv these preliminarv' hypotheses.

4. Conclusions

Our morphological and Statistical analysis of the Rudabänya hipparion iead us to provisionally

assign this assemblage to Hippotherium aii-primigeniHm. If future work on an increased sample size

of postcranial elements confirms the morphological and metrical patterns given here, designation

of a new species may be warrented. Chronologically, the locality's hipparion suggests a later

Vallesian age for the Rudabänya fauna. The age of various Central European Hippotherium

primigenium populations cited here will ultimatcly depend upon establishing an independent

chronologv as much as possible.
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TABLE 9 MEASUREMENTSONANTERIORANDPOSTERIORPHALANX1, DIGIT III
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